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Topics:,

Jntrﬂduction.and\ghmp]ing

dinkler DO Test .

" BOD Tests

DO Meters .

Objectives:
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Wheg;the participants complete this topic they should be ‘able to:
Detérmzﬁe the q15§61ved.oxygen cbqtent in water sample.

. Determine the bidéhehica] oxygen demand of a water sample.

Hdndouts

/ - LY

EPA video tapes

In%ﬁfﬁctional Aids:
N

AN

N

Lecture
Lab

Instructional Approach:

References:
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Standard Methods )
"EPA Effluent Monitoring Procedures
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Nat1ona1 Training Center
Water Programs Operation -
Vine & St. Claire St.
Cincinnati, Ohio ) \ 45268
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Overheads
: \

letter

Handouts \

Lab supplies and ap aratus

4Supp11es and apparatus “should b

. Handouts- may be cdpied directly.

o -

EPA slide-tape \is aVa14§b]e from:

™.

A ]

<

Othersoverheads may be copied directly.

-

N
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?

”Tyﬁed overheads are an example of -overhead layout and content.
- . use the overhead should Ye

may work in/ groups of 2 or 3. - .
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: . T winkler DO Jest ° \ fordeem EE 4
Anprox. .'F]me: s SN S ;
Topic:. . ' _
" N . (_ v vy o\_“{ ' . . \
‘ . 1 holr | Intreduction and Sampling \ . .
v ~ N . ¥
Objectives: - o \ \ '
When the p'articibants compiete this topic they should be 73b é?\to':
1. ~Indicate thé relati onship between—ldissoived oxygen® and te pera-tur;e.- s
2. Determine the saturatjon value of dissclved oxygen in water given water .
temperature, barometric pressure and saturation values tabje." o
3. [ldentify the proper apparatus and reagents needed for takifg a dissolved
) oxygen sample for the Winkler DO method. Lo A . '
3. . Obtain and prepare a proper dissolved ‘oxygen sample for the'\%klink'ler method.
- X . ) . . , ° o, Y - '
—r— e - e . \
Instruetional Aids: CoL .t IR ~
Handout” - o, / ' ] . )
-Lab "equipment T _
oo : ’ ! AN ) .
- L] ’ . N
3 - s AL . J\ A =X » .
Instructional Approach:” ) . - . -
- - : L ) A ;e . = 7~
ALecture - ‘ Z ¢ y
Lab _ T . . S’ .- ) ‘ . -
‘ L . . Q _
{ v | ' . ,
References: * —~— B -
gfe:en_pes. : , » '
'/ Lo L ) L ’ ’
/Standard Methods = ¢ N .
EPA, EMP e . el . e
IR \i? _,‘ . ’ N 71 ) .
‘ a o ‘ ; o
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(Hodule No: . Top1c.

EEEEEN L “Introductaon and Sampling
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Instructor HNotes:, - v instructor Out.iine:

.
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)
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1. Intro uce the re]at1onsh1p between
, a; DD apd temperature LI

b, Gii ve examp]es\of how this re]at1onsh1p
may affectfre@UﬂLg’pf DO tests

. M » ’

Handout - Pare ' . 2. Demonitrate the use of DO saturation table

/ ‘

Handbut. - Page 15 - ' 1 3.°"a, ?dﬁcuss the use of the DO samp]ing
) g .

ipment
APHA Sampler .
Kemmerier. samples
+ Direct sampling
Bott]e sampler

b. Discuss sample preservation

c. .Discuss the chemisfry‘of the reaction

v

a. Demonstrate proper sampling method and

" prese nof a D0 samp]e for a
' :-Wygffg;at:gt _

b. -Have class' preserve = D0 sample
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r ’ , " DISSOLVED OXYGEN © - S
“‘h-..Iemgerature . Pressure in Millimeters and Inches Ha L ' /
: ' 775 . 760. . 750 725 e
* - _; W - . Z/ * E
‘FO_ _ (o ~ '30.51 29.92 29.53 - .- .
N . : “ : !
. 32.0 0 14.9 - 14,6 14.4 '
o ].33.8 ' - 1 14.5 < 14.2 14.1 |
v ]-35.6 U 2 14.1 13.9 13.7 - .
37.4 3 13.8 13.5* 13.3
. -] 39.2 4 “13.4 ©13.2 13.0
141.0 5 - 13.1 12.8 12.6
- 42,8 1 6 12.7 12.5 12.3
1 -44.6 7 '12.4 12.2 12.0 )
' 46.4 8 12.1 11.9 5 11.7 & ~
48.2 b9, "11.8 11.6 11.5 .1,
50,0 10, 11.6 An3 . =3 Ao.8 .
51.8 ° 11 11.3 17.1 0.9 "10.6
5% 6 12 - 11.1 .& [ 710.7. 10.3
55.4 13 10.8 . 0.6+ 10.5 10.1, -
57.2 14 10,6 ———10.4 ° 10.2 9.9
59.0° 15. . 10.4 . 10.2 ...10.0 9.7
60.8 16 10.1 . 9.9 . 9.8 9.5 | ,
62.8 .7 + 17 9.9 » - 9.7 9.6 9.3
© 64.4 18 97 9.5 9.4 9.1 - .
- - | 66.2 .19 9.5 "9.3 . 9.2 & B89
68.0. 20 9.3 9.2 9.1 8.7
69.8 21 9.2 ~ 9.0 8.9 8.6
71.6 22 19.0 .+ 8.8 8.7 8.4 ‘
73.4, -+ 23 8.8 8.7 " 8.5 , 8.2 ‘
75.2 .24 ) 8.7 . 8.5 8.4 8.1 g
"77.0 25 8.5 8.4 8.3 8.0
78.8 26 < 8.4 8.2 8.1 . 7.8
80.6 27 8.2 8.1 - 8.0 7.7
82.4 28 8.1, 7.9 7.8 7.6 <~
84.2 .29, 7.9 ; 727 *7.4 S
86. 0 30 7.8 ° .7 7.6 7.3. |
87:6 *, 31 7.7 .5 7.4 7.2 N
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- [ Module Ho: '} todule Title: ‘ 7
. . ‘. Y . . ‘ ) l . ol §
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S . , . Submodule Title: ’ : . o
w . + ) = ' N . ‘" N s N : . . . .
; Approx. Time: .Winkler DO Tast oY o '
% Topic: ooy . e oo .
oL 2" hours DO Test - A . .o '
o Qbjectives: oo ) . C
o When - the pa?ticipants.comp]gte‘this'topic they should pe ablgi to: . .
1) Identify the proper Epparatus and reagents needed for the azide modification
of the_Winkler DO test. e T2 . : ’ =
‘ ( i 2. Conduct a dissolved oxygen test using the azide modification of the Winkler
method given test equipment, procedures sheet and proper sample. material.
3. Translate the raw data from the DO'testxiqto*proper units of -expression.
’ g . . . ) ‘ : ‘
' . b . . e ‘ . _
Instructional Aids: . ' _ - i
. ) . - "'J;:"'" Tt e - « T~ PN . ' . . '
. N Handout ’ ‘ W . B
T Lab equipment v 4o C. K .
‘ EPA video tape o . ‘ C o . V.
" ) . e ’ [ - - v ’ .
. . . . . / -~ ' . . ‘
"_ . ' . s . - L
. { le . Al -
. Instructional Approach: ‘ 3 oo : .
\ ¢ . . . . :
S Lab- : . ~ , ‘ : .
' * - " :-' R “’:“\‘Q \ b N :. ! 3 N - . ' f‘?
\ i R j_/ ) . / '
PAC—— I ~ //.
eferences: - . L A T .
r - - ) . ' ) C- E/ = ) ; ~
-/’ « | Stafidard Methods Dk e o H
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. [quuleuHo: 4 Topic: ~ ‘ - ‘ . - T ’ .
; e e DO TESt " * : . i ——te . M ll
. ' T = E — - |
. Instructor Notes: Instructor Outiine: . |
. . . . |
¢ ' s = ——— i
. ) . - - r .

-

L . | EPA Video Tabe : 1. a. Ident1ﬁy the proper apparatus and ° .

- Handout - Paces 10 - 17 | \ . reagents needed for the W1nk1er DO test. :
CT . ) . ~-\ b. Demonstrate the makeup of reagents and
0 ‘ ) . indicate that they may'be bought pre-
. < made.

- . <.
_— c. D1scuss thé use of a]ternate reagents .
’ PAO . S

. ) S 2. a. -Demonstrate the test procgdﬁre to the
A At class. . -t

. b: Have class conduct the 'test.
Pare 17 . . 1 3 a:” Work example problems.

— : . ’ . b.- Have class. convert their raw data into
. . S . proper units of expression.
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Winkter Determination of Digsolved Oxycen-Azide Modi fication - R Y

Ana]ysis Objectives: S _ . o 3

.

The operatbr w1]1 be able to p rform a Winkler d1ssolved oxygen

-

- R -
\x ' _determ1nat1on, US1ng the azLde m d1f1cat1on, on a sewage sample .

AN . ‘e .
A l 2. Brief Descr1pt1on of Analysis: \\' A ] S b

L \ -

A so1ution’of manganoys su]fate is added to the samp]e A solution

. containing’ sod1um hydrox1de, sod1um 1od1de and sodf’m az1de is next added

-

If oxygen js present in the sanp]e, a brown f]occu]ent prec1p1tate forms. \ _
.o \

If ng oxygen is 0resent, a wh1te prec1p1tate forms Su]fur1c ac1d is "then

, > ’ ~’added tothe samp]e, and-the p prec1p1tate d1$solves Th!‘solgtion is
. ) (Y & Q;
. .ot W] - -titrated.with.P.A.0. u$ing.starch gnd1cator At the end -point of the

t1trat1on, the color of the solut1on changes from pale b]ue to co1or1ess

e
’
»
"
a‘
.
ey

. Rhe m111111ters of P. A.0. used,,1s equa] to the m11]1grams of dlssolved
g@mmﬁﬁwﬁwmﬁm@%mﬁ& R bxyge ﬁ“ﬁer‘11ter 6?”samp1e ‘

Seneral Dgscription of Equ1pment Used in’ mhe Process « 5 : j

ﬁtwm > . '

. A Cap1tjl Equ1pment ' ‘ . ) ( |
- 1. Ana]yt1ca1 ba]ance, 200" g. capacity , AR .
. i ~ . \ 4
- . 2. Trlp ba]ance, 500 g. capacity' . ’ . '

e o ,.\. "\“ ! ’ - |
] 3., 0ven temperature contro]]ab]e to + 20 C 1arge enough to hold a sma]]

L . . evaporat1ng dishs

. AY

“" o ; -- 8, Refr1gerator, large enough to hold ‘three 1/J1ter bott]es}

) \\\; 5, Still,
. 5

B. Reusable  ~. . I

.

or other’seurce of d1st111ed water . ) S

1. Hot p]ate,ﬂTarge enough to hold a 2 liter Er]enmeyer_flask

2.

Kemmerer sampler . .
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"o, T~
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4

One spattu"la (med1um s1ze)

One rubber stopger (to fit.al H{er g]a§s 'stOppered bott'le)
.+ Ong 150 m] g]ass stoppered bott]e

..;J %

One spatuﬁa (smaH s1ze)

ot

-~

v

. ) &
' ¢ T -
.Y - rage 21 "
. 3. _LPHA .samp]e~r : ‘ \ \\‘ ’
2, L:aboratovry.aproh_ ' v - . .
"5, Safety Q]\asseS’fA : \ ' e
6. !?rushes (for cﬂeaﬁing'gléssware) " ‘
7. "Bru'sh (for cleaning ba]ance) . " “ -
‘8. »One 1 liter vo'lwnetme f]ask o
9. One 300 m ,BOD_ bott e j \ B
"10. One 1 liter graduated. cy]inder;":' ‘ * 3
1L. One 200 ml gr"aduaied cy‘x'ir‘lder.' 3 ;‘
12. -One‘SD m1 graduated cyhnder ’ . T K
13 ‘One 10 ml graduated cy]mder | > »
. .S1x 1. ]1ter-qlass stOppered‘bottles ‘

One des1ccator (]arg.e enough to ho]d a small evaporaﬁng d1sh)\

19. One 2 ]1ter Er]enmeyer flask ' .
LZ\Q.‘-One 500 m] w1de mouth Er]enméyer f]ask
-21." One 100_m1 pipet - E -

" 22..0ne 50 ml pipet - )
23 One 20.mltpipet . - '\,‘ °
’24':, One pipet bulb SRR ““» )

\ 25. .'fhreels' mT g.raduéted pipets

26

\' 27:

One evaporatmg d1sh (large -enough&co ho]J‘ about 10 g. of sohd)

s

~

vy

RN ’" 12 .\!

»

4
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C. Consumab]e \ -

"28; One-25 il burét *: ',
29. h One rin§7stand‘ ‘ t -

PR LT .
One buret c]amp o . © ~ hd

31. One d1st111ed water qlast1c squeeze bottle

¢ .

32. One pen or penc11

33. One notébaqk (for recording deta)A

i~y

. -\
34 Eight_pléstic weighing boats (2-3 inches square)

. [
35. Sponges (for cleaning qf ]ébqratory.;able tqps)

36. One st1rr1ng rod (about 6 ihches long)

¢

- 37. One powder funnel, about 3 inch d1aneter

»

1. nPota551um d1chrbmate KoCr207
2. Concentrated su]fur1$ acid, HpS04
3. Soap IR A "~“§.

N
(These three reagents are for clean1ng g]assware

- \

needed W11l therefore vary. )

A,
4. 480 g. sodium hydroxide,'NaOH

AT

W ko

The quantities
en e

o

Lo
5 'E:' t

400 g ‘manganous sulfate d1hydrate, MnSQg.2H20, or 364 9. manganous

su]fate monohydrate, MnSO4 H20 may also be used

5. 500 . sodium hydrox1de NaQH

- d..'135 g. sodium 1od1de, NaI i\ *
7..10 g sodwum az1de, NaN3 A
8. . so]ub]e starch
9. 15 ml.chloroform, CHC]3 N
' 10.; Sodium d1chromate, NazCrz04 >

11. 20 ml (P.A.0.) Pheny]arsme_Pgide 0.0375 N+ *-

. <
1 2
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‘ ‘/The quant1t1es t1ven in 4 through 9 above w11] suffice for approx1mateT/’4.
450 determ1nataons of d1sso]ved oxygen Depending on usage, smaller
;quant1t1es may ‘be prepared . ) = - l : ‘~3 {
: N . A1l reaoents should be,of h1gh quality.’ Df?ferent themica] v
' manufacturets may Have d1fferent ways of 1nd1cat1ng a h1gh quality reaoent
, Whilej no endorsement of one chemi cdl manufacturer over another is 1ntended /
’ J, thg fo]]ow1ng are ‘some. des1gn§t1ons used 1n four chem1ca] cata]ogs to
} :;i1nd1cate h1gh qua11ty reagents a, ~ g
-_.CataTog " : Des1gnat1ons . ..
‘ ) fTEonﬁs: i} T . : :Reagent ACS, Chennca]]y Pure (CP) .
ia Matheson, Co]eman & BelL E. ... Reagent, ACS
:1 Curt1n Matheson Sc1pnt1f1c Inc. . ‘.Pr1mary Standard ACS, AR
, i i,“F1sher j ; | - ,Cert1f1ed ACS ’ .
o vﬂ?~'Equ1pment~Preparat1on , o L ,2' . / -
:'{ 1. G]eanlng.of g]assware . s =i | 'i/ T h
_ L a. Clean all g]assWare\and.ringe with,disti]]ed'water. ." < |

B. Reagent Pr rat10n ".
: V"l,.'.~ Manga{ous sulfate solution L

- » v A ..f‘ ! . v
2. .Balance preparat1on o

ﬂ“
LY

a. Check “all ba]ances for c1ean]1ness and proper operation

Ly

T a;~ Prepare 1 1xt°r of so1utqon containing’ 280 g. of manganous sulfate
tetratrydrate, MnSO4 4H20 , '
1. Unﬂess*othenw1se spec1f1ed so]ut1ons should be sto‘"a’1n glass 4
Yl stoppered bottTes -

AR DN A

jﬁ,;";"'” é? Un]ess otherw1se spec1f1ed the term water means distilled

Lt / water.

-

14, N

e .
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. A'Ika'l‘ipe ioéide azj,de s?)'lb\t"for.f..~

.

+

AN

Dissolve 500 g. of sodium hydroxide, NaOH, in 500 ml of water.

a. -
1. -Caution: Heat is ger:lerated :
b. Cool the so-'luﬁon to room fe.rnperature.
’ G. %issoive 135 g. of's'odiur?‘iodide,'NaI, in 200.m1 of water.
. ds Dissplve 10 g. of s__gdiurﬁ azide, NaNg3, in 40 m of water.
e. Cogbine thj three.'so'lf:tions and dilute to 1 Titer. )
1. This sd'lutjon Should be séorgd:in a gldss bottle ‘fif:ted with ;.,/‘
» " a rubber stopper, or in.a clean p'las{ic bo:et'le. # §
3. Starch so]uéion-‘ : R m:: ‘
a. “Gently-boil 1 liter of water on a hot plate. FA f
> %‘..1; lPrc;ceea with the next steps while themwater is‘hea;ing and l
| boiTing. , v ' \i
b. Weigh 10 g. of.soluble starcﬁ. ) o S , " i
c. Traﬁsgfér'-it to a mprtar. " '
_d. Add abaut. 3,m1' of water,
e. -Grind wi‘fh a pestle so as to form a thin paste. - . < 4
Cf. Pour the paste into the boiling water. . ) L Lo
g. " A‘l]‘gvy‘the'so‘luti]on to sfand overnight. ] . S Ny
. . h. Decant the starch solution into a bottle. '~ ° .- |
1. Decanting means to pour s]ow'Iy so that any solid material will )
‘ be left behind.  — - o | ;
i, "Add 5 ml of chloroform, CHCI,. S e ;
. 1. Store in a refrigerator - S - 1.

I
o5

Determination of Dissolved Oxygen . - ‘ “ . -+ , \‘g

e
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1.

‘over the sink. .

/ ‘T % - :
i/ 7 )
Page 1d .
4 ) — < : —
a. Sample collection A T N ‘ ‘ﬁ T
.1. If the sample is to be collected from a depth g(eater fhgn 5 feet,
use a“Kemmerer.samﬁier. S o :
2. If Eﬁé sample is to be collected from a depth Tess thadﬂﬁ'feet, |
use an APHA sampler conta1;1ng a 300-ml BOD bott]e ¢ |
3. If a Kemmerer is used, transfen,the samp]e to a 300 m] BOD bottle
AlTow some of the:sample to overflow. ' S
a. CautiOn; ‘During.tﬁe sample transfer, do not allow it to -(/
sﬁ1ash.\ § ‘ . h \.‘
" 4. Carefully insert the stopper 6% the BOD bottle.
aa._ Do not c;eate any air buegles in the bottje . )
5. For surface samp]es, the samp]e may be co]]ected d1rect1y in a;
' 300 ml BOD bottle. ’ _
.a. Fill the bott]e:in such a way _that no tuf‘ ]e;ce~is_created.\
b. Addition of reagents N N

< -t ¢
Remove the stopper and pipette 2.0 m] of manganous sulfate

a'so1utiqP into the sample.

a. Have the tip of the pipette about 1/2 1nch be]ow the surface of

the Tiquid. It 7s desirable, but pot necessary, that the

noimality be 0.0375. .
i - .
Pipette 2.0 ml of alkaline iodide azide solution into the sample,.

* e

. 1 , .
a. Have the tip of the pipette about l/gié?ch below the surface. of

~

the liquid. - | ' S

b. A precipitate forhse. S . RN

16




s, , - ) ) c\/ - G
¢ R : \ C . .
/ . ? S \ > _ Page 16
/ A ¥ o ""}'?-. ~ R . ; e - v N
. 3 ‘Carefuﬂy inserf the stopper of the BOD bott]e
o " a. Do not create any air bubb]es in the bottle.
1 4. Rinse off the outs1de of the BOD bottle. ’
- Ve - a. The a]kahne iod1de az1de so]ut1on is damagmg to the-skin,
v 5. Ho'ldmg the hand over the stop;%& 1nvert the BOD bottle s'low]y
! I L ‘ 5 times. T o ' )
‘ 6. A]]ow the precipitate to settle. _ 5
.‘ . a. If it does not 'settle ‘wa1t 2 minutes an,d proceed
T . ¢ .
7. Repeat the shaking and-settling steps. oA
8. Pipette 220.m1 of concentrated sulfuric acid into the sample.. .
B . o a. The pipette need not be below the surface of the h'ouid.‘é
' 9. Carefu]]yjnsert the stopper of the BOD bottle. .
a. Do not creaté any air bubb]es in bott]e during this step. -
/ o lb. Rinse ¢ff the outside of the BOD'bottle. -
\ ~11. Holding the hand over the stopoer, i,nvert the BOD bottle slowly -
\ five times.w ' "
£ a. The precipitate will dissolve. . ”
b, The- color of the solution is red-brown if oxygen is pre’sent,:
( Lo ‘ but colorless if no oxygen is present. If the solution is
yellow, a small amoont .of oxygen is present. .'> -
- J. !c‘). (Titration ) ( .
‘ ‘ 1. Transfer the entire contents of the 300 ml BOIS bottle to _a' wide
. ’ mouth 500 ml Erlenmeyer f]ask. . | q_
’ 2. Add the P.A.0. titrant from a buret until thie red-brown color
chahges to a pale yel]ovy ‘ @W’/ . )




¢

was therefore present even before add1t10n
the\?tarch should be added 1nmed1ate1y
3. Add 2'ml of starch solution

s-».‘

a. A medi um b]ue pa]e blue co]or w111 form.

co]on]ess.- .
/ . . ~ . ) , ;c .(
a. - Ignore any return of bTue color.

5. Record the ml P.A.0. used.

1, Calculate the mg of DO per liter of samp1e

d.» Calculations

. mg DO/Titer =
'1000/m1 of samp]e

PR

b, Since the\samp]e was in a 300 ml BOD bott]e, m

ml of P.A.0. X N of P.A.04 X 8 x 1000/300 |

c. Or mg'56/11ter = mlof P.A.0C X N of P.A.0. X

it the N of the P.A wa/ exactly 0.0375, the

’ 1
R - ml ‘of P. A Q. X 0.0375 X 8 X 1000/300 e i,
\

©
e. Or mg DO/liter = ml of P.A.0. X 1

. , . V
a. If fhere .was little oxygen in the sample an% the! ye]]ow co]or

ml of P'A 0, t1brant X N of P.A.O.

titrant ¥ 8 X -

I
|

g DO/11ter £

%7 .
n mg b0/11ter z

4
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4 Module HNo: - K todule Titler
.- - . ! < ’ ' . ’ ‘ vt ”
Sumodule Title: . ° ’ h
Approx. .Jime: BOD : 'v . . — -
_ Topic: - S
1. 1 hour . Introduction - o .
. . : -~ ‘ i “ j
Objectives: / ot . :
. ‘ When the partiéip&n;sacpmp1ete’this topic they should be ablﬁ'to:
?S Indicate what the BOD test measures and what is the.limitling factor in the

° teSt. ! — . ¢
' 2, Indicate three types of wastewater that a BOD test may not giJ% valid results.
3. . Explain seeding of BOD samples and indicate what types of wastewater must be
- seeded. . . ' - _
4. Indicate the proper preservative and holding time limit for a BOD sample.
5. Indicate the proper Sample dilution given the estimhted‘BOp of qu samgle.

Instructional Aids: . )
. A L
Handout R NN
.4
- - N
o)
. ) \‘. .
H £ i

Instruétional Approach:

Lecture Co-

tu’
References: - - <. \ o -
) '\ N ¢ .
‘ {1 Standard Methods . )
N WY " ' . . )
c , . /
% {e / : -
LY LY . S \‘
k4 e : \ Lol i
| . Class Assignments::

. v .
3 L £
- .
. -
- T
’ /
.
A , v “
~ M ! {
- ¢
- - .
. . /
' ' . . . M - * !
- -
d R e, ‘e /
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‘ . > © [
. . / N . .
P & .
. . . © . -
. o . . .
- s . [ x Lo
- . \ . ‘
* ‘ L4 . - N . P
y - ‘ . .
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“-Iodu]e' No:

[
A .
’

-

ty

-
\
-
-
0
[

Topice

LW

+ Ingroductton Lt o B f' T

' .\f'r,rs tructor JNotes:

.

* N i i -
Instructor Outiine: ’ - L

dvl
. Discuss what the BOD test measurés. .

b. Discuss how it is measured -

4
¥
c. Indicate why it is the stan@ard test C
rather -than COD .or TOD.

2. Indicate types of samples that will rot give
- proper BOD results and why they will not . .
give proper resu1ts._' -

. Discuss’samp]e seeding.
Discuss sampling and holding time.
. a. Discuss sample didution. B

b.

. L
N e,

. WQrk example prob]émg:

% /)/ﬁ;ve class ca]cu]ate«d11ut1ons
o given an estimated BOD.

o . \d

required =

.

. ” .
RN N A
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. ‘Module No:- - - :Mhadyle Title: e ) T e -
) " ) ’ ® e ‘ ~ * . . ‘ ’ * .r‘q‘ tet ! N T\ . ‘&-. ‘ .
B P L | Submodule Titld: A SRS Y ;
. N . X ) ,' ' - ] © : i . . . .‘
ApprOX. T’:m; 9!\-\BOD . LY . : . . o
' . - N Topic:  _ l-’ ’ - / . .‘. . v ok
<A ' - " | Braguated Cylinder Dilution Method -
- N . . - M -, . i/ 7 ‘ -
Objectives- S oo . : ' -
’ ~ LY \: - ,
( When the part1c1pants comp]ete this top1c they should be ab]e ﬁo ’ T
Al',.' Identi fy the proper, apparatus and chemi ls needed to set up BODs by the '
- -~ graduated cylinder dilution fethod. N\ e
. . 2.. Conduct a BOD test (graduated cylinder di ution method) given proper te\st
. <]. . equipment, procedures sheet, and sample. -~ 8 +
’ 3.".Translate the rawdata feom the BOD test into proper- um ts ot express1on given
-appropriate equations. . : / - e
L] - . N ., R . 3 N . .- I . ”
 |Instructiomad Aids:® © - R . A & S
L\< ) | Handout . , - T ’ ’
. ‘ ‘EPA v1deo tape . Ce B
k&b equ1pmént b . - o ¢ .
] ;- A \‘,: 5 " o ‘e ) | ot .
i . . Q‘;\,{i". ,E’ . ‘v' * ) ; < - C
. Instructional Agproach: ) B‘é‘f}z}[ R
: . -7 . P " N~
. ! .
. N . ~ o~ ' &
Lab ’ - . ..1“ v“)‘\? , 3 } l . '/— ) ) Ve
1l - < . . - | - ) . J ;
i . - . oy . . v . p) “ > A hk .
B ¢ . L ¢] . -
{References: . . . /
. - R [ ’ . . - 1(’ . .
g Standard Methods e ) , N T ' {
*.EPA EMPs Manual T : ' F '
/ Biaes ' S ' . y e
P * »
‘l’ P -
\\ N . - " N
Class Assignments: ‘ ' - - . .r S '
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Module Ho:

T0p135

“

¢ .

.- Graduatep*Cy]:nder DT]ut1on.Methods .

: <« ! -
L » B o~ o,
B
/

P L - 1

e 4 N . s

.

C.
d.
2. a.
b.
3._4.
b.

r

. TNyt ¢ . N

Instructer Notes: - .: o lnstﬁuctor Out:ine._ Ag ﬁi A
A Ky ’ ° » , ) S -
0 y T e Rl . . . R

. s — : . ] ‘o 5 .. .
Pages 22 - 31 - ifi_:T§—[;:¥/and 1dent1fv the phoper apqaratus needed

o ¢ ) s for BOD test . ., T s .,

5, j. List and 1deht1fy chemlcals and reagents

needed )
. j »
Ind1cate that reaoentsamay be bought pre- |-
made . ’

1
“ 4 \‘f N L .
9 . . -

D1scuss care of buffer reaggnt.

"

Demonstrate sg up of BOD‘fzst é @

. Have part1c1pan}s set up.a BOD test v 2
Demonstrate calculat1ons uslnp@data from 2 IR
f1n1shed BOD test. Lo

r v

Have partzc1pant~work ca]quat1ons us1ng data

from a finished test. . .., 3

mperess remman -

o
e
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. Efflugnt Mon%tor{ng Procedure:. Determinatéon of Fivelday Biochemical Oxygen ‘ ]

o

.
a ¢ . ©

- .~ Demand- (BODs)

-

1. Ana1ys1s ObJect1ves o T K

4
s Thé 1earner w111 determ1ne the f1ve -day biochemical oxygen demand of a’

‘. Lo

séwage sample.

2. Bwief Descriptign-ef Analysis: . - ' .

- ~ y

. The sample 1s diluted w1th a high quality d1st111ed water containing
¢

nutrient salts and a buffer. Two biochemical” oxygen demand (BOD) bott1es

are f111ed w1th the diluted sarrple1 The d1sso1ved oxygen €DO) content ’/

of the first. bett1e-1s determined, and expressed as mg of DO/11tens The
M

second bottle is stored ln the dark at 20° ¢. for f1ve days .

o

five~day Pperiod, m1croorgan1sms in the sample break dowa complex organ1c _ {f

_ . matter in the sample, using up. oxygen in the process.: At the end of the _ é%
- fr!efda;np>¥1od thé’DO content of the second BOD botttle 1s determ1ned f ,\2

4and again expressed -as mg of DO[}Tter The depletion in oxygen content:

DUTing the

divided by the percent of sample used (expressed as a detimal fract1on) is

the five- day biochemical oxygen demand expressed as milligrams of BOD per
/ ¢ )
11tereof sagple. BODg -is the. symbol for the f1ve-day.b1ochem1ca1 ‘oxygen

demand. .

- A
Rt ST . —_

Genera1'Descrdption oﬁ»quipment Used in the Process

C A Cap1ta1 e L, . N ‘
1. Trip ba1ante 100 ;pﬂtapac1ty -0 o - _ 4 -
2. Still, or other sourcd of distilled water ' \ Hf\;’:
. s P

-3. Incubatgr capab1e of ma1ntaTn1ng a temperature of. 20° C.-+ 1° c, and .

-

' Targe enough .to hold, four“300 ml BOD bottles and a 3 liter Jug or’ <

»~ botfle. “i\< .. . ) )
. ": " .. ‘23 .¢' . ‘ :_)7
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| B. Rausabie». '.*’) it . . °“ )
g 1. Brushes (for.d]eam‘ng glassware) - R B
é. . Brush ?for cleaning baianae)“ .‘ i -~ -4\.
' 3. Laboratory apron, . ’ o o i
- . ‘4. safety glasses ‘/ N ‘ ‘ - - ‘, . g_ i
'5. One spafcu'la (medium size) + \ . ‘ . ;, ’
"_6. One distilled via.ter plastic squeeze,bottle" 7
, 7. One pen or p_enci.l
ﬁ ' 8/ One notebook (for‘ reco;*‘éﬁng data) N
LY © 9. Seven,p(_l‘ stic weig}{;;g boats (2-3 inches ‘'square)
- 10. kédonges‘ (for cleaning of laboratory table tgps)' R
N ' , 11. bne g iter jyg E)"r l?ott]e with narrow neck . ;
- o 12, One ‘powder funnel, about 3 inch diameter ’ * ‘
T 13. One 1 Titer Volumetric flask ’ [ ) A
. 14, ' Four 1.11""cer g1ass s;coppered bot:cles - \
. 15, ‘ Two 1 hter graduated cyhnders , b . s
16. One siphon (1ong enough for use with the 1 ht.er/graduat@d_cyhnder)
. 17, Four 1 ml vo]umetmc pipets . oLt .
= A I I One 10 ml VOlumetmc pipet T .
T 19. One 20 m1 volumetric pipet & ‘ ) ) CoeT i
20. One plunger type mixer (for use wi th ‘the 1 hter graduated c_yhnder
21. Four 300 ml BOD bottles = ° L S
st 22. Equipment for doing a_ ka]er*go de)ter‘rmnah on- az1de modi fi cat% i
2 ) see EMP'CH.0:EMP.1.8.74, Determmatwn of d1sso]ved Oxygen Amdi
_‘/\ K ‘ Mod1ﬁcat1on, or , ) d 1
~ - - ’. ‘ * 9.
— 24 ~ ’

P
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C.

" 23. One d1sso]ved oxygen meter, see EMP CH.0.D0. EMP 1.8.74, Determination

of d1sso]ved Oxyoen Us1ng a- DTssolved Qxygen MetEr R

e

24. One 2 11ter~beaker (for preparing cJean1ng s 1u§¢ n)

25. One 12 1nch‘%t1ry1ng rod (for prepar1ng c]ean Qg lution).

Al

Consumab]éJ

"1. Small wad of cotton (to plug the 3 1fter Jug or bottle)” :

S . -
2~ 8.5 9. of pofass1um dihydrogen pbosphi;f)(kH2P04 .o - L
3. 21.75 g. “of . d]potass1um hydrogen phosp ate, KoHPO4 ' Q

N

4. 33.4 g. of,d1sod1um hydrogen phosphate heptahydrate, NayHOP4.7H20

5.. 1.7 g of ammonium chloride, NH4C1'
6. 22.5 g. of magnes1um su]féte heptahydrate, MgSO4 7H20 3

[]

7. 27.5 g. of anhydrous calcium chloride, CaCly

8. 0.25 g. of ferric ch1ofﬁ§e hexahydrate, FeC13 GHZU - C
9, /Beagents for doing a Winkler DO determ1nat1on az1de nnd1f1cat1on, see
EMP CH. 0 EMP 13.9. 74 Winkler Determ1nat1on of D1sso]ved Oxygen-Azide

Mod1f1cathon S

L]

10. - Reagents for use with a d1sso]ved ogggen meter, see EMP CH.O. do EMP.

la 9.74, Detenm1nat10n of ‘Dissolved Oxygen US1ng a Dissolved Oxygen

. ' . Y

-

Meter

11. Concentratedgsulfuric acid, Hp,S04 -

1

12.  Sodium D1chromate, NagCr207 kw’ ~ -

13. Soap < ) s )
(Itens 11, 12, and 13'are for c]ean1ng gTassware The q%@ntities Teegéd '
will therefﬁ?éwyahx)., e ‘ N L
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A. ‘Equipment Pvl;e‘paratidono o v , ' K ’ K
1. C]eahing of Plassware o k - ] T b
oo ke
. ;a. Clean, a]] g]ass'ware and mnse with d1stﬂ1ed.water, _' S &,
2. Ba?ance/%nsp"ecmon ) ' . \\l e .
’ ay Check a]] ba]ances for c]eanhness and proper operat1on c . ’ ,
' v / Cor e :
B. Reagen‘{}{reparatwn v g - . A =
) 1. Bistilled water’\ ' a - .: . N N “'ie )
o a. D1st111f Titers of water m‘to a small neck jug (or 1arge bot‘tle)
' 1. Un]e s otherw1se sp‘ec1 fted, the __e_r/m,wa%év means d1st1T1ed r;
B , S
water ’,‘\ ' . S .
A > ’ 7N "4 f' s
b. Phug, the Jug w1tﬁ a 1oose f?ti:mg pi of cotton. e .
.1. Unless othewnse sWed sab]utwns shou]d be. stOred in g]as\s
“ ‘ . _ ﬁ
. stoppered bott]es .
. c. Store the Jug at /200\/; 10 C for 48 hours pr1or to M 2
\ ¢
. 1. Th1s 1ength of tige’h J’s byn "determi d simply on the basis
\of exper1ence 4 _
d. /aerate the water just pr16r *to use. N,
P this. by shaking the water in a ha]f—fﬂ1ed jug; br . ‘
2. By usmg a c]ean supply of compressed air.' (Be cautious about -
L | / . hd
. ‘air Jets an‘d motors wh1ch’ may simply contami nete the water . i
A with oil). | Sy e \3\ : ;
. N ) ,
2. 'Phosphate buffer solutign : ) Yoo co
a.. Welgh 8/5/6 of potass‘ﬁ*um d1hydrogen phosphate, KHoPO4
b. 'We1gh 21.75.9: of dj potass:u/md_ydrogen phofphate, KZHP04’ ,
g c. We1gh 33 4 g. of d1sodium _ydrogen phosphate heptahydrate, ) L
- ey, 7H0' L T o

~ . . ‘
- . . > !

. f - \ ) I

'y - C i

. - . 4 . . . .)\ “1
1

\ PN e - , .»W
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Weigh 1. 7 g. of ammomum ch'lorgde, NH4CT

9

-

J
, Q.
.

I e. D1sso'|ve the four chem1ca'|s tooether in about 580 m] of water -
. i
~ f. Dilute to 1 Titer. : " @

s

: . 3. .Magnesium sulfate so?utiou ‘. ,
Y - ~ ’ K :
a. Dissolve 22.5 g. of magnesﬁumcsul fate heptahydrate, MgS04.7H,0, in.

water and dilute to 1 Titer.

-

'. A - 4, ’Ca'lcwm ch]omde solution ‘

‘ ) .

a. Dissolve 27.5.g. of anhydrous ca'lcu]fn chlori de, CaCl2, in water

and ciﬂute to 1 liter. s ‘ -
e . 5. Ferric chloride solution I L
@ .~ a. Dissolve 0.25, g. of ferr%c chloride, IFeC'Ig»,_in water‘ and dilute
ﬁ “to 1 liter. . ~ R C S
. 1¢C. Pr‘c—@sdure . - o _ N
1. Samp'le d1'|ut1"on @ ) . ‘

a= Siphon about 500 ml of the 20° C. water 1nto al 'hter graduated

. \ ‘cylinder. i
_ 1. Do not cause splashing which might change %he’ oxygen content of :

B

the water.

Fad - o - - . |
. . . |

b. Add 1.0 ml of each of the magnesium sulfate, calcium th};gri'de,

ferric chloride, and phosphate buffer sotutions.

1. Mix gently with a plunger-type mixer after addi ﬁg each of the °

four solutions. Cause no splashing.
» ' ) i
" .24, One ml of each.of the 4 solutions is used for each Titer of

water. . o oL A

S . 3. These 4 solutions may be added to the réservoir of 20° C.

»

water just prior to 5% ' : ’ S T )

s -

* —
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S ! ‘
] c Shé’ke the sarnp.le contah’ner, measune the samp‘lAe, Dand’ add it to the
,' .. graduated cylinder. * ‘ _ S .
L 1 “For influents of dginféstic wétewaters': . ’ -
) 1 ’i0.0 ml_(1% of the liter vo'lurhe) '\ :/\ ‘
’ {1 - EE o.o"m'h(‘zz"_.o‘f the Titer volume) . -~ , / .
. IERERCE 40.0.m1 (4% of the Titer volume) T
o q For effluénts from primary treatment plants: °
e ' : ’400 ml (4% of the hter vo]ume) )
- ;";'- _60 m (6% of the hter volume)
R | N 80 ml (8% of the hter volume)
' :-'f,»;‘."i ‘T”M,.,chr efﬂuents ‘from secondary treatment p]ants . )
i . ‘ 4 200, . (20% of the Titer volume) _ ‘V.
’ '._‘ 300 m (304 of the liter wiume) -
i . % \,400 ml (40% of the hter vo]ume) o ’ . R
( . S 2. The samp]e vo1Umes above are syggested values. The actua"l
' . .';sample volume for each‘tkrnd of waste must be determ ned by -
. o ,“eXb‘emence b e ¢ h
. - ,‘_ P ’; d‘..' S1phon m addi tiona] 20°. C water -to the 1 Titer mark : -
N 1T Do not cause splash1ng .
« 2 Uther samp]e dﬂutwn methods are somet1mes used e. g s a 1
"'hter\ volumetmc ﬂasﬁ( in place. of the graduated. cxhnder }
. ) _.'~e~. lee @ plunger-t_ype mixer to mix the contents of the cyl;nder
‘ 1 Mix gentl_y so as not to cause splashing.
R DT 28 g .




-

e .
- p . N
, ) L
. - ;age 28
S B -
. | . 80D bottle il o - /,
1. Fo'r each samp1g ‘volume used, fi11 2 BOD bottles by siphoning from the
T ];er cy]ir;der. . o )
a. Hold the end of the siphon near the bottom of the BOD bottle so
as tosgMevent fsplashing e -
- . o b. Open the sighon slowly. - ’ "
2. Stopper the BOD bottles. _
a. Do no'e cause formation of an air: bubble'mns’e'rt/ir}—g the stepper
too vigorously. X 5 '
E. Blank determination o
1. Siphon about 500 ml’ of the 20° C water 1‘nto a 2nd one ]1ter
graduated cy'hnder N 3 5o \
a. (}ause no splashing. . 2, AJ
) 2. Add 1.0 rﬁl eaeh of the magnesium sulfate, calcium“chloride, ferric
_ chloride, and buffer solutions. ] ' _
a. 'Mi‘x gently with a plunge;“~type -mi xer after ‘a.dding each of the’-' o
- four solutions. Cause no splashing. | )
. 3. S1phon in additional 20° C. water to,the lkliter: mark. . "
- ‘ T \ Céuse no sptashing. =4, - R
' | b. No sample is used in this sleco;d cylinders ‘ |
4. Mix the contents,tﬁ" this second cylinder using a plp’nger-t)"pe mi xer.
< 5. By si'phoni‘ng, fi1l 2 BOD bottles with this mi):ture.
‘ a. These two bott]es are called b;anks )
1 F DO determmatwn .
1, Fﬂ'l the f]ared top of one of the sample and one of the blank BOD
ERIC- ottles with yter, 29 . .
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" 2. Store them at 20° C. in the dark for 5 days )

a. Check the f]ared tops*daﬂTyfand"f"T Il with wa water f nezessary ¢
b. There are a]ternate waxyfof storify the bottles at 20% C. so-as to-
‘maintain a water seal. o 'c . .

3. Determine the DO of the 2nd sanp]e and blank bottles.

a. Use the Winkler methpd-az1de nnd1f1cat1on, or a d1sso]ved'oxygen__

' _meter. ; , .
‘ ; . . b. This dete}minationwshould be done within 15 minutes after filling '
. the BOD bottles’ . ' N ‘ B I

. : ")
*" ¢. These DO values, are often called initial DO values.

4. After 5 days, determine the 6xygen_e32;ent of th stored sample ahd

blank BOD bottles.. . . : K

a. Use the same method. as before. - s
. ' * o= it
JuG. Calculations o

9

1. Sebtract the D0 (expressed ih mg/1) value of éhe £i fth day sample

- - bottle from the initial DO (expressed in mg/1) value of the first
, ‘ ” . . ; . ‘ . . >
bottle. - T .

a. e.g. 5.0 =mg 1n1t1a1 DO in the f1rst bottle, and 2.0 = mg D0
- v

in"the stored bott]e after 5 days
» b, 5.0-2.0= 3.0 '

g . ’ 2. ‘D1v1de the d1fference by the _percent of samp]e used, expressed as a -’
decimal; the answer is mg BODg/l ' N
o b - ""a. efg.,f 10% sample was used, then mg BODs/Titer = 3.0/0.1 = 30.
I b. " If the decrease in DO over the.5 day period is ‘not at least 2.0 -
“mg/Jiter, the BOD5 FEsult will not be*reliable and shou]&\ye
Q \— " ignored. . ’ .
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. c.' If €Bere 1s not at least 1 mg of DO 1eft in the stored bott]e after
a3l . 5.days, the BODs result will not be reliable and shou]d be" 1gnored |
’ d. It is common to set up at least 3 dilutiold of a part1cu1ar sample
so that™t of the bottles will show an acceptab]e oxygen dep]et1on
over the 5 day per1od ! ]
3. For the b]ank BOD 60tt1es, subtract the ml of soézpm thiosul fate
titrant used for the stored bottle from the W used for the ihitial
bottle. - | ’ '
. a. The difference should not be greater than 0.2 ml.
‘4. . . b, If it is, the ZOO‘E. water is of Tow qua11ty ‘
' o c. Poss1b1e causes are organ1c contam1nat1on in the water {eheck
’ the aeration procedure) or dirty glassware (especially the BOD
. bottles and water storage jug) which has contaminated theLWater.
d. The ditference ip ml readings is not bsed ae~a blank. correctiony
‘\but merely'as 3 (check on the quallty of the 200 C. water. ’
= e: One example of a data sheet is attachedﬂ _ ¢
v , . & ) ”
%" L PE # ‘
| ] \ ’ ..
. ' .
; ” i » / ~ - . . .
, '
- ’ ° e
N B - 2 , C
. 5{1 i . €y
I -




v - 7 -
-
, .
- :\ S ‘. i
" -
-~
ot oF . 2
“ ¢ L
< « Lo . . + 4
, ~ ’ B nOEEUTET M '
[ i
R ~_r;_w_m__‘srs__________“_g_‘____ ™
. _ P &
. ST L SAMPLE VOLuwe DILUTED To MILLITERS
S —— S

‘ BOTTLL - .15 MIN. Do AVERAGE § pay po . N

BT . S DAY DO , CHANGE IR DO ) .
T T T 15 MG po T AR :
: ST f 0 s )
, T s pay BOD-
" DATE 1IN UATE OUT .
. L — —_—
- e e e e el b R T T
' T SRERLE soupcE R ,om‘__“___*__ TIME
) LT © st mLumL_“ DILUTED TO____ mLLiTems ‘
STITLE . 15 MIN. D0 . AVERAGE 5 DAY D0 . . ‘
* ENTLE ., 5 DAY D0_, CHANGE IN DO .
: - T (15 MIN. 00 TREE By 00)
it BN s T SOND0. =
e - . — . T S DAY BOD
oy T DRTE ouT_ . _
- . { K s » . ~
. a % L R T T T T ST,
v SA¥PLE ‘

* GiLyTIoN ‘ SAMPLE VOLUME "DILUTED TO : MILUTER_S\

~ e

5T = ' 15 MIN.>po- AVERAGE 5 DAY DO

. BUTTLE ¢ 5 DAY Dy CHANGE IN DO 5
. T T (15 MIN. o TEVE 5 DAY 00)

Yt LBOTTLE . - . 5 DAY [ )
—_— TS s ey sop -

BRIE In ¥ DATEOUT”
. _ o A ,"""" h Tttt ' """ i
BLANK. nz*znvmnou = )
- - BOTTLE « 15 MIK. oo o~ - BOTTLE ¥ 15 MIK DO
. - BOTTLE » 5 DAY bo__~ BOTTLE = 5 DAY DO
RVERAGE 15 MIN, DO . AVERAGE 5 DAY 0o___

CHANGE 11X DO .
- . : (AVE. 15 MINTDO - AVE. 5 DAY DOJ

. 5 DAY 80D = 100 X _CHANGE IN o )
¥ DILUTION

as

~ - -
PN A ot Provided by ERIC . - . - v “ ~
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i Approx. Time: .
B Topic: - » '
+ 2 hours . |, D0 Meters / .
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- Z
Instructional Aids: . ///r
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Instructional ‘Approach: . . v
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References: < T e .
D0 Meter instructions . |
Standard Methods, 14th Edition . ' .
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When the participants complete this topic they should be able to:~

Identify

electrolite.
3. Standardize the DO meter.
4. Conduct a DO test using the DO meter.

.

1. ’“f component parts of a DO meter and probe ’
2. Prepare the' D0 probe for operat1on by chang1ng the membrane and add1ng new

-

’

Qe
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(Hodule How, Topic: \ e '
. , ' DO Meters \ ", -
\ N : .
Instructor Notes: , ‘ ' Ins¥ructor Outiine:
oy e e N w——
» ! ‘. .\ & L] —Wv
' * 1 1. a. Identify the pa?‘ts of a D) Meter and
’ ' ’ robe. .
. , ) P _ | o
i b. Indicate the chemistry of the reaction.
! 0
C o I ) 2. Demonstrate how to. change the membr'ane
N AR .,on the DO probe. .
. . . ¢ , ¢
' " b. Have partici pants change the membrane.
; DO Meter Instructions . ~3.. a. Dembnstrate. how to standardize the meter. |
‘ N i
_ ? b. DJscués other methods of standard1zat1on i
~ > \:_ K o . Coh
‘ - /1 ¢ Have' part1c1pants standard1ze their
- -1 meters. - ‘
- .. y 4. -a. ﬁ%’ﬁibnstraf‘e the DO ‘test using a meter. -\ .!
nst g al :
; o S ~ |- bs Have participants run a DO test. |
. { 1 o ) R ~ ¥
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Module H9: Module Title: - - Coe
+ - RS \ + - . »
~ | submodule Title: | K -
| Approx., Time: . BOD : o L S . ~ng
& :TOD"'&: ¢ : R N T
. : . .t) . -, A
2 hours - Direct Dilutipr Method i ... -
Objectives: . . o )

_ N

When thefﬁért1c1pants complete th1s topic they should be ab]é’to _ R

1. Identify the proper apparatus and chemicals needed toset up BODs by ‘the -
t direct dilutjon method. N
2. Conduct a BOD test (direct dilution method with DO meter) g1ven.proper .
* test equipment, procedures sheet-and sample.” e
3.. Translate the raw data from the BOD test into proper units ‘of express1on'
g1vequappropr1ate equat1ons
Instructional Aids: . S o // ’
Handout » - . l . T !
Lab equipment ‘ Py )
g : - . . A &
Instructional Approach:, co : Coa _
Lecture : R 8 L
. Lab . . o - * . . » .
\ ’ K ‘ ’ ‘., B b _ .
. ] A l y -
References: - o .
Standard Methods = e : O h
Class Assignments: ( 4 ) ‘
o ’ ° . * 4 B
- Fo
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- . * . . ” T~ :
- : : — , — ————
- - e T
x 4. List and identify apparatus and chémicals -
. -needed to set up BODs jusing a DO meter.-
. . LY e,
Paces 35 -.23 : 2. a. -‘Demonstratesthe sdtup®of the:test& -
'c_, M . ? . . . »s
[ S -+ b, Have participants set up the BOD test. .
_ . T — . N B .
. . “ j 3. Give participants data from a five day BOD . . '
; ‘ ~ test and have them calculate the BODs. .
T o R ] -' ~ -
' - ’ . ’ - ‘ 0 d
B - Jg; . ) C . . n;
- - PR 3 - C‘ ¢ 1
- -
/ ’ ’ - ) -
/ S -
a\ v - ' . -~ — . : /,«' . " )
- i T . ] . e, 4 -
- w ".‘(!- o ,. |
\ ~ e xg
. - - . s . 3
) ‘.t’ * . ’. ~
‘ Y . 4 o ) LA
5 - & .
’ ' ' ‘ ) ‘~\ 'f""-u% - 1
r " - ’ v ot B ¢
1 ) «
- o t %
by ) . & ! - . ~ g
: Lo ’ . Y N .
— ¢ - \\*'?‘ % N =
‘ LN .
” ¢ ] : — ‘KI ‘ -.\
. * 6 7~. ° * ¢ < -
- : & : \ - f
- : , . f . L, e . . .
B ) \ ‘ -
\ . - . 0 . ._o,, ‘ %
’l . ! e hd
o> . . , :
. % . K ‘ d
. ( . ‘
’ ) 't > d he 3 ’ !
.3 ha .
- M . -~ .S
. , . f.\, f, L




;\' ,
& . R ~
R\ s — _ . .
- o ‘ : Page 36 -
_~ BIOCHEMBCAL OXYGEN DEMAND (BOD)
, Using DO Meter with BOD Probe =~ = = .
\ : T e ‘ . N
t\’ p ) .
Introduct1on

\ The baochem1ca1 -0xygen. demand (BOD) is defined as the quantity of

* s
.

oxygen used in the biothemical oxidation of organic matter in a specified t1me,
at a’'specified temperature, and under specific conditions. The stadndard BOD
test performed on domest1crwaste is carr)ed out for 5 days at 20 C. The BOD -

] test 1s used as a measure of the organwc strength of sewaoe If the sewage

1s*strong, for examo]e, 1t will contain -a large amount of decomposable

-

organic mater1a1 In such a case, the oxygen requirement and BOD would be

\

1a}ge By the same argument sewage conta1n1ng small amounts of decomposable

organ1c mater1als wou]d have .a sma]] BOD

.

' The test is performed by determ1n1ng the amount of b1ssolved oxygen

‘KV1n the samp]e at the start aqd comparing it to the amount of dissolved oxygen

»
in the sample after five days. The dissolved oxygen depleted ove® th1s‘per1od

- has been"sed to stab1112e organic material and is thereﬁore the . b1ochem1ca1
oxygen demand’ (BOD) of the sample. ‘ ‘ ‘ .
' Whenever ch]orlnated samples are co]1ected for the deterﬂnéit1on of
BOD suff1c1ent reduc1ng/agent must be added to the samp]é to destroy the"
chlorine. After dech]or1nat1on “the sa 1e must .be ' reseeded" w1th organ1sms

- b "\\44/ ‘ > ’

v

;>/} . 300 m1 BOD bottles W1th
Incubator 20 C.
—b

yund glass stopbers

s ———p—

o Pioettes - 10 ml. gra uated, large tip base

P

N
.
w

LN
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. . . N - oL ' '
Gfphodrhpparatus\for dilutioh water ‘ o o

{
hree 5 ml. .measur1ng pipettes with bulbs (or thrée 2 ml automatic
o p1pettes) '

»
’

500 ml. w1de—mouth Erlenmeyer fldsks .

50 m] buret with 0.1 m] gradua%ions _
. , \ L] |
" BOD bott]e air-trap caps - |
. /
. "+ DO meter with BOD probe o
Reagents _ T B T —~
- Rk o ‘ . , " Lt
1. CALCIUM CHLORIDE SOLUTION ’ . “ —
DQone 27:5 g. anhydrous calcium chloride (CaCly) -in 500-600" m1.
¢ distilled water and make up to _one 11ter with distilled water.
2. 'MAGNESIUM SULFATE SOLUTION . o : !
Dissolve 22.5 g. magnes1um sulfate (MgSO4 7H20) in 500-600 m] distilled

water-and make up “to one liter with distilled water. - )

IRON jI;l) CHLORIDE {FERRIC CHLORIDE) SOZUTION

-

- Dissolve 0.25 Fron (III) cﬁloride‘(FeCT3.6H20) in. 500-600 ml.,

. water and make up,ﬁo one Titer with d19t111ed water.

>

;-

o PHOSPHATE BUFFER SOLUTION-

.
&

distilled

r\

Dissolve 8.5 g. monobasic potassium phosphate (KHoPOz), 21.75 g. dibasic

potassfar{phosbhéte (KoHPO4) ,’ 33.4 dibasic sodium phosphate (NagHPO4. 7Hp0)

and 1.7 g. ammonium chloride” (NH4C1) in 500~ 600 ml. distilled water.
salts have d1sso1ved, make. up to one -Jiter w1th d1st111ed water.

The pH
of th1s buffef/shouTrLJuy about 7.2 -and sheuld be checked J

Affer'
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5. -BILUTION WATER ’
each of°sofafi0n #1 {(Calcium
LY

The dilution water is made by adding 1 m
#2 (Magnesium sulfate) and #3 (Ferric chloride) in that order

chloride),
to eaeff liter of distilled water Tﬁis solution is then aeraied\sy .

¥
shaking parttally filled bottles or by.bubb1iﬁ§ clean compressed aiy
. i ' \
The solution should then age at least

) s ,

24 hours. Just before use, add 1 ml. of solution #4 (Phosphate buffer)
¢ ¢ .

to each liter of distilled water.

: R

" through the liquid for 24 hours

-

Y

Procedure for Non-chlorinated Samples

1. SET UP SEVEN BOD BOTTLES
Duplicates of three di fferent d1]ut1ons of the sample shou]d be run

determining initial DO on each dilution and f1na1 DO of each dilution.

|

final DO on- -the dfﬁut1on water.
and final DO dete§m1nat10Q§ ' A ;
Initial DO', §
. & c g
, 5-Day DO- ;!
. " (Final) [N . . - . .
; ~_ il ‘
. ?"‘"‘“.; ‘ -7 - ,g» 4
i 1st 2nd 3rd 7 Dilution
R . Three Dilutions “77 Water ’
- Diagram of BOD bottle arrangement
o Dot

[ .
' s

In additior initial QQ shou]d be détermined on the d11ut10n water, and
The same bottles are used for initial

‘1 »

-
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2.~ SET UP SAMPLE DILUTIONS v
Samples co<n’ta1mng res1dUa’l ch]orme should be dech]orn}ated by addmg T
sodium sulfite. BOD dﬂutwas can be prepared with seeded standard ,
dilution water. g For procedures for seed1 ng ahd dech]or1nat1on re.r t/6
"Standard Methods", 13th echt1on > TN "‘“\w ” R
, - 2 / . \' ’ ,‘ ’ ‘;\\
Use~{able I below to dej:erniine proper dilutions. ‘Make dilution directly ,
’ L ‘ et .
into ghe 300 ml. BOD' bottles. For example/iL> ou ant1c1pate a BOD-of .
30 /ppm you“should make d‘]‘Utwns us1ng\30 ml., B7.5 ml MBO ml s ofe o N
mple ¢ 30 ml. 1nto the three bot\t]es used for the first dﬂut]on,
©37.5 ml. 1nto th three second- dilution bott]es, and 60, m] into the, three/
th1rd d1]ut1 on bott]’es Then £i11 each bottle w1tWon watergusbmg' ot
the s,1phon appari&,io avoid excessive aerat1bn of s»_mple.’—kep‘]’ace ~§
stopper, bemg sure not to tYap air and m1x by 1nvert1\% severa] t1mes\
« TABLET v i o -\
7’\(300 test Range) - - Lo P
Dilution. ;M “of Sample Ant1c1pated - o oyl
Factor Needed/300 ml. D Range, @ —~— -
e 1 . 300 - o 2.5 7 ‘ v .
— 2 . 150 - ’ 4 - 10
4 ‘ - 75 ' 8 - 20/
] 5 © 60 - Co . 10-- 25
8 , 37.5 .16 - 40
10 . 36 » 20 - 50
20 < - . b 15 ., 40 - 100
25 . L 50 - 125 )
¢ 40 . . 1.5 . . 8 - 200- | -
- .50 6 T 100 ~ 250
' 66.7 4.5 % > 133 - 333 -
100 - 3 ’ 200 - 500 . - . .
300 1.5 ° 406 = Y000 - -0 -
400 0.75 . 800 - 2000 - ) . _
N , P - EX ’
’ - b 39 Ve - “;’.’“ s <
~ . ' v "N . ey . .

L
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- 3. RUN INITIAL DO . o
. ‘ .= b . .
. " Run DO‘on the.bottles for each dilution and dilution water using the N
’ DO meter. ~, 7 - A . .
4. PLACE FINAL DO BOTTLE <IN INCUBATION
i ) Incubate for 5 days (+ 2 hours) at 20 C. Make air trap by putting a
couple' ml. distilled water around base of stopper iand covering with spec}’aJ
. '“ - Jt ) 4 f
- .BOD bottle caps. . ) . ' _ ,
= | 5, RUN FINAL DO - S - .
‘\ J Aftc_er's days on the dilution water blanks a{ng on samples. h ;
- Five day BOD sample = (Initial DO of the sample - Final DOkbf sample) ‘
, - . B -~ i ) .
- ¢ . X dilution factor.- ~ - e - e : :
_Example: ) . 5 ' . f ' -
~ Initial DO of ®ample = 8.0mg/1." -
Final DO of sample = 4.0 mg/1
m. of sample < - =30 ml. L
R + . Initial D0 Gf dilution water * = 8,0 mg/] |
"~ Final DO of dilUtion water. = = 7.7 mg/1 - - !
Ly ' N . _’!/7‘/ ) . . . » i ' /
. 8 S}ay’.BOD of sample _ = (8.0 - 4.0) x-10 .
' : T - =4x10 . .
,-. < = 40 mg7] - ‘
) . PR . ) . ‘ . . . ;“ L ;
Notes: ’ )
< y . 3 ‘ . . . -
i - ® To find gj/]ution factor for each samfle refer back to cd]umn’I ‘
‘ ’ , \ ) |
o of Table.I. . S ~ L Jeo
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e 3

. The oxygen dep'let1on due to the dﬂut] on water is not taken into ¢

the ca]cu]atwns Qf BOD - This 1s used only as a’ check on the dilution water

S~ ' If the dep]et1on"r§_"—fér than 0.3 mg/1 for the dilulion water, the data-
f"‘,w cannot be tons1dered vahd New dilution water should be prepared and the
, . tests re-run.’ - . S S \
: . o I : : - - - -
BOD Chlorinated SampTes o : ) C
‘1. SECURE AN UNCHLORINATED SAMPLE OF RAW SEWAGéJ ) o .

Secure an unchlorinated samp]e of raw sewage or primary efflueni 24 hou

« prior to the time the BOD test is.to be set ups Collect about 1 11ter of -

4

unch10r1nated samp'!e and let stand at room temperature ovef‘mght Pour %

&

off the clear port1on of the sample and use 1t for thJ "Seed".
' | 2: PRESENCE OF CHLORINE

o

7 .
Che ck fo_m the presence o?& chlorine in the sample .to;be:..e}gl uated as
% ' _ o] follows: ™ - ' ' | ) .
_a Carefu]]y measure 100, m1. of\ well-mixed sample into a 250 ml.
C /’ ‘ .4 Er]enmeye): flask. , ) oo
-7 j ' zg. Add a few crysta]s of potass1um iodide (KI) to the sample and d1sso]ve
- . ~_ the crysta]s L
c. ‘Add-1- ml concentrated sulfuric ac1d (stmr) and’mix weH .
d. f/r‘ve/f:ps of starch If no blue color is produced then ch]or1ne
oo ) ) l is absen » the BOD of the samp]e may be determined without further
. s _ treatment , , N C - - :
‘“ ) . < \\ « e, .
Ve é.v If a blue co]or 4is produced, titrate the sample usmg 0.025 N sodium

' N , - th1osu1fate (Na25203) to the endpoant between the 1ast trace of. b]ue’
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[3

*Or
100 -

-y .y

Y

color and a colorless solution (co1or1ess endpoint). Make the .

t1trat1on very slowly, counting the drops of "thi.o" used and vecord

7

th1s number.
3. DECHLORINATING A SAMPLE N | )
]o dechlorinate a sample, measure out 100 mls. o%j;eli—nixed sample into
‘fé clean éSO‘m]. Er]enmeyerhf]ask. Add the number of drops of "thio"
determined necessary for dechlorination. (Step #2 above). Mix well.
‘Use this sample for determination of-BOD. If more sample is needed place
. a larger samp]e (neasure carefu]]y) 1nto a clean container and add a &
) Pproportionate numberjaf drops of. the "th1o" for dech]or1nat1on
4. SEEDING OF THE SAMPLE | _—
| For seeding of the/samp]e, add 1 ml. -of the aged seed (Stfp #1 above) to -
each of the BOD bottles co"ta1n1ng dechlorinated sample. Also set up
samp]es of the seed for determ1nat1on of the BOD using 2, 3, and 4. percent
i (6, 9, and 12 mls. seed) and determ1ne the 5- day deplet10n due to 1“;] }
of seed. O f . t@: '
Calculations ' N . ST

5-day DO depletion of seed sample = mg/1 DO

. m]s of seed™ - Depletion caused by each ml. of seed

In1t1a] DO (mg/]) of diluted-sample - (final-DO + seed corre t1on factor) X
d1]ut1on factor = BOD _ e

‘
Vel &
" .
,

(FBO + SCF) x DF = BOD mg/1

N
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Module No: Wdule Title: SN
| \ | Submodule Title: ‘
| Approx. Time: BOD — N ", _
R ' . Topics _
30 Min. ; Surmary of Methods ° -
’ Objectives: - \_' L. -

Xhen the parti'cipaﬁts complete this topic they shou‘ld_bé able to:
1 Differentiate between the three BOD_test methods aé%verec'i in topicss

7 by comparing the/T:BH;owing'paramete s:
) a. Time required to complete the test
S - b. Equipment and reagents required
./ c. Precision and. accuracy ,
d. Interfgrences entountered _ , R

*|.2. Recommend a method using the above parameférs for use in "nome".plant.

N Instructiona]\ Aids: . “

Handouts - ) - . ( - p

Instructional Approach: © \ o

. ’

- Discussion . .

.|References: ;

Standard Methods
~ | EPA EMPs Manual - . . oy
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{Class Assignments: : L ' C
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Summary of Methods . ' j
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Instructor Notes:
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Instructor Outi pe: o
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Compar~e~and’c0ntr;‘ist the two methods.
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